Objectives: This study aimed to assess current temporal trends in utilization of ICE versus TEE guided closure of interatrial communications, and to compare periprocedural complications and resource utilization between the two imaging modalities.
introduced to guide ASD closure. 2, 3 Since then, both modalities have been used successfully to guide IAC closure and other structural heart interventional procedures. 4, 5 These two modalities (TEE and ICE) are very different in terms of availability, ease of use, imaging quality, and cost. Single center studies have suggested the safety and possibly the superiority of ICE over TEE in guiding ASD and PFO closure cases. [6] [7] [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] However, no large-scale comparative studies between the two modalities have been performed.
Our study aims to utilize a large nationwide database to:
(1) Assess the temporal trends in utilization of ICE versus TEE to guide percutaneous IAC closure in the United States. between ICE and TEE in percutaneous IAC closure.
| MATERIALS AND METHODS

| Study data
The Nationwide Inpatient Sample (NIS) was used to derive patient 
| Trends and outcomes of ICE and TEE
The trends of intracardiac and TEE utilization in patients, who underwent percutaneous ASD/PFO closure during the 12-year study period were assessed. Patients' baseline demographic, comorbidity, and hospital characteristics were described. In-hospital morbidity and mortality outcomes of ICE and TEE were assessed.
| Comparative outcomes analysis
We compared the outcomes of ICE and TEE utilization to guide percutaneous ASD/PFO closure. To account for potential confounders and reduce the effect of selection bias, a propensity scorematching model was developed using logistic regression to derive two in 2014 (Fig. 2) . Patient mean age was 53 ± 16 and 54 ± 16 years in the TEE and ICE groups, respectively. Chronic pulmonary disease, atrial 
| Statistical analysis
| Outcomes of TEE and ICE utilization to guide IAC closure
In the unmatched groups, the primary endpoint of MACCE occurred in 18% and 9.9% of IAC closures utilizing TEE and ICE guidance, respectively (P < 0.0001) ( Table 2) . Compared with FIGURE 4 In-hospital complications following intracardiac versus transesophageal echocardiography to guide transcatheter closure of ASD/ PFO in a propensity-matched cohort patients who underwent ICE, those who underwent TEE had higher incidence of vascular complications, acute kidney injury, permanent pacemaker implantation, clinical stroke, and blood transfusion. TEE patients had longer length of stay and higher overall hospitalization cost (Table 2 ).
| Comparative outcomes in a propensity-matched cohort
Propensity score matching of patients utilizing TEE and ICE yielded a total of 3318 patients (1659 patients in each group, Fig. 1 ). Baseline characteristics were well matched between the two groups as detailed in Table 3 . After propensity matching, the primary endpoint of MACCE in patients utilizing ICE remained lower than patients utilizing TEE (11.1% vs 14.3%, respectively, P = 0.008) (Fig. 3) , driven mainly by the lower incidence of vascular complications (0.5% vs 1.3%, P = 0.045) (Fig. 4) . Cost of hospitalization was not different between the two groups after propensity matching. However, length of stay remained significantly shorter in the group utilizing ICE compared to the TEE group (3 ± 4 vs 4 ± 4 days, P < 0.0001) ( Table 4) . In a subgroup analysis, the reduction of MACCE with IAC closure using ICE guidance vs TEE guidance was more pronounced at non-teaching hospitals, non-urgent admissions, and in the absence of significant comorbidities (e- Fig. S1 ).
| DISCUSSION
The major findings of our study are: ( The field of structural heart disease interventions is rapidly expanding. The number and variety of novel structural heart interventional procedures have substantially increased in the last decade (e- Fig. S2 ). Many of these procedures were initially introduced for high-risk patients, who were deemed intolerant of traditional surgery. Therefore, there is a growing interest in the utilization of ICE to guide these procedures to mitigate the need for general anesthesia in these high-risk patients. [6] [7] [8] [9] [10] [11] [12] The potential applications of ICE are likely to further expand with the ongoing modifications and improvement in ICE technology. 22 IAC closure is a comparatively simple intervention and is therefore an ideal procedure for burgeoning ICE users, especially given its demonstrated safety, and costeffectiveness. 
